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(54) Abstract Trtle 

A dovmhole fibre optic protection system 



(57) A down hole fibre optic protection system 
comprising at least one protector sub 3 mounted on a 
downhole string, at least one splice box 6 and at least 
one service loop 8 operatively connected to the protector 
sub. The protector sub may include a plurality of 
recesses to accept conductors and receive covers to 
protect the conductors. Also disclosed are a downhole 
protector sub comprising a manifold, a plurality of 
recesses and a fibre optic component mounted in an 
insulator; a method for making a downhole fibre optic 
system by mounting the components in an insulator and 
mounting the insulator to the protector sub; a downhole 
protector sub for fibre optic junctions having an outer 
and inner surface defining a flow passage and a radial 
recess in the outer surface to receive an optic fibre 
component; a protector sub comprising a mandrel, an 
axial passage in the mandrel, a plurality of recesses and 
a plurality of covers for the recesses; a splice box 
comprising an enclosure a plurality of guides and an 
enclosure cover. 
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PROTECTOR SYSTEM FOR FIBER OPTIC SYSTEM 
COMPOIsmNTS IN SUBSURFACE APPLICATIONS 



BACmRQTI NP OF THP. TTWENTION 
Field of the Inveotioii 

The invention relates to the fi<?U of hydrocarbon exploration, drilling and 
production. More particularly, the invention relates to subswface systems employing 
fiber optic conductors, connectoxs and instromentation and protection required and 
desirable for the same. 



Prior Art 

In recent years, tiie use of fiber optic technology has grown in many 
industries. The benefits of using fiber optics v/kjexo electric conductors were used 
previously has greatly improved communications in both ttie quality of information 
transniitted and received, and the speed of communication. Unfortunately however, 
many of the benefits of fiber optic technology have not heretofore been available to 
the hydrocarbon eatploratbn, drilling and production industry due to the extremely 
unfevorable conditions downhole. These, of course, are high pressure, high 
temperature, vibration, caustic fluids, etc. All of these conditions collectively and 
individuaUy are significantly deleterious to delicate optic fibers and would cause vei) 
early failures leqmring workovers in production wells if employed as they have been 
in other industries. Because of this, the inoorpoi^ition of optic fibers downhole, in aU 
but the most limited of circumstances, has been contraindicated. Due to the 
technological benefits offiber optic usage, the industry is in need of a way to deploy 
and employ fiber optics reliably in fte downhole environmajt. 



SUMMARY OF THB INVENTION 

The above-identified dxawbaolcs of tbe prior art are overcome, or alleviated, by 
the fibea: optic protection system of the inventio». 

Fiber optic condootois, ccamectors, instrumentation, sensors and associated 
coahrol circuitry (hydraulic/electricsaJ/optica]), etc. are now employable in ihe 
downhole environm^t in connection -with tiie invention disclosed herein. The 
protection system insulates fiber optic technology from the unfevorable conditions 
existing downhole so that such technology may be reHably employed, thus allowing 
the sijbsurface portion of the hydrocarbon industry to reap the benefit of fiber optic 
technology. Optical fibers allow greater accuracy and speed of determining 
information downhole. Decisions are faster made and adjustments in diffeient zones 
may be executed quicker to enhance production of deshfed fluids w^ile retarding 
pioduction of undesirable fluids. 

The scope of the invention also includes the routing of surfece supplied power 
OiydrauUc/electrical/optioal) through a protected environment to the downhole fiber 
optic components to selectively supply said power to any number of a multitude of 
downhole tools, as desired. 

BRIEF DES CRIPnQN OF THE DRAWINGS 

Referring now to the drawing wherein like elements are niimbeied alike in 
the several FIGURES: 

FIGURE 1 is a schematic representation of the protection system of the 
inveation connected with the other tools. 

FIGURES 2-4 is an elongated longitudinal cross-section view of the manifold 
sub of the invention; 

FIGURES 5-7 is an elongated plan view of the top of tiie manifWd sub of the 

inveation; 

FIGURES 8-10 is an elongated plan view of the bottom of the manifold sub of 
the invention; 

FIGURE 1 1 is a cross-sectioD view of the invention taken along section Imc 
11-11 in FIGURE 2; 



HGURE 12 is a oioss-^eotion view of the invention taken along section line 

12- 12 in FIGURE 2; 

FIGURE 1 3 is a cross-section view of the invention taken along section line 

13- 13 in FIGURE 2; 

FIGURE 14 is a cross-section view of the invention talcen along section line 

14- 14 in FIGURE 2; 

FIGURE 15 is a cross-secti(Mi view of the invention talcen along section line 

15- 15 in FIGURE 3; 

FIGURE 1 6 is a cross-section view of the invention taken along section line 

16- 16inFIGUI?E3; 

FIGURE 17 is a cross-seotioa view of the invention taken along section line 

17- 17 in FIGURE 3; 

FIGURE 1 8 is a cross-section view of the invention tak«i along section line 

18- 18 in FIGURE 3; 

FIGURE 19 is a cross-section view of the invention taken along section line 

19- 19 in FIGURE 3; 

FIGURE 20 is a cross-section view of the invention taken along section line 

20- 20 in FIGURE 4; 

FIGURE 21 is a schematic view of a partial cross-section of the splice box of 
the inventioni 

FIGURE 22 is an enlarged view of the circumscribed area of the splice box in 
FIGURE 21; and 

FIGURE 23 is apian view of a sphce box of titie invention. 

DETATTK n DESGRTPTTQN OP THE TNVENrTTnM 

Fiber optic systems fer downhole monitoring and control ate most fevorably 
placed wiJiiin a protected environment in a housing. The housings include beveled 
edges to avoid impact or shock loading on comers during running into the weU and 
they include protectivo covers over aU exposed openings for the same purpose. 
Moreover, the fiber optic components being employed are preferably mounted in a 
vibration/shock load dampenfaig material (for example, teflo^'^etal, or similar). 
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wHch is chemically inert with respect to the weU conteni, to guard them for any 
vibration or shock loading that does occur. 

In oida- to provide one of skUi in the art an understanding of the concept 
embodied by the invention. FTGURE l illustrates several downhole tools and optic 
5 components in one possible configuration. The drawing is schematio but is apt to 
mustiatc the concept of the invention. The manifold sub 7 houses many of the fiber 
optic components such as optic dry-mate connectors, optic spUces, fiber optic service 
loops, optic hydraulic valves, optic-electric valves, fiber optic pressure sensors, fiber 
optic temperature sensors, optic wet-mate connectors, etc. and is an important sub» 
10 assembly ofihe protection system disclosed in more detail hereunder. Other 

protective sub-assemblies are also iUustrated in FIGURE 1 referring to the splice box 
6 (which may or may not be integral to the manifold sub), service loops 8 and 
connector subs 3. Each provides protection against mechanical loading, temperature 
efSfectS and pressure effects. The components also include outer features to reduce the 
15 occurrence of impacts wlflx other structures while bemg run into the hole. These too 
are discussed hereunder. 

In a particular embodhnent of the maaifbld sub 7, refening to FIGURES 2-4, 
control lines conveying optic fibers and hydraulic fluid, optic fiber components and ' 
associated control components are illustrated in various cross sectional and plan 
20 views. One of skiU in the art wiU recognize tiiat all of the conduits in the manifold 
sub 7. be they optic fiber or hydraulic control lines, ate protected within the manifold 
sub body 1 1 between a centrally located recessed channel 12 m the manifold sub body 
11 and the outer surface of the manifold sub body 11, or one of a series of component 
protectors 13-20. 

In one embodiment, the component protectors 13-20 are designed so that they 
are flush with, or below the outer surfece of the manifold sub body 1 1 . This reduces 
the rislc of the component protectors 13-20 catching on another structure downhole 
and causing an impact or shock load to be transmitted to the components housed 
within the manifold sub. The component protectors 1 3-20 have beveled edges to 
ensure against impact loading on comers while running. ITie component protectors 
13-20 are secured over the various fiber optic components housed within the manifbld 
sub 7 1o form an interference fit, such that substantial load must be applied, via a 
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distributed load system comprisuig of a mvatitude of cap screws 21 being thieadedly 
connected to the manifold sub body 1 1 through a series of olearauce holes 70 (visible 
in some views only) in the component protector 13-20, to deflect ike component 
protector material adequately to fijUy secure the component held therein against 
vibrational/load effects. The cap screws 21 are locked in place with locking washeis, 
or thread locking adhesivis, or similar, to ensm-e against load dissipation. 
Additionally, the component protectors 13-20 are manufactured very acoiiratdy to 
form a vesty close fit between the component protectors 1 3-20 and the recessed 
channels 12 and 29 in the manifold sub body 1 1 into which they are installed. This 
ensures against axial movement and lateral movement of the fiber optic components 
housed between the recesses in the manifold sub body 1 1 and the component 
protectors 13-20 due to tension/vibration effects within the connections to the fiber 
optic components. All component protectors 13^20 ate easily replaceable without 
detriment to the other components of the manifold sub 7. Other features of specific 
component protectors 13-20 will be discussed in depth later in this document. 

The manifold sub 7 is tubular and may be either concentric or eccentric with 
respect to the casing bore 4 within which the manifold sub 7 is located and places all 
of the control lines and fiber optic components (discussed hereunder) within the 
annular body thereof The manifold sub 7 may be supplied with metal-to-metal 
sealing threaded connections 22 at citha: end to allow connection to the tubing 1, or 
other components of the astern, as represented in FIGURE 1 . The mtanifold sub body 
1 1 may in one anbodiment be bored to accept certain components or may in another 
embodiment be milled radially to accept components wbich then are covered with 
component protectors 13-20 as noted previously, or both concepts are employable 
together. WeU fluids aie permitted to flow through the internal bore of the manifold 
sub 7 and within the annulus between the casing bore and outer surface of the 
mani&ld sub body 11. 

Referring to HGURES 2-4, the fiber optic working control line 23 (denoted 
dius as it contains the optic fibcK vi4ri<* are connected to various fiber optic 
components housed witUn the manifold sub 7) is visible m the top half of the 
drawings. The fiber optic woridng coattol line 23 is housed in arecess 12 in the 
manifold sub body 1 1 v^cii can be viewed in FIGURE 1 1, which is a cross section 



view of the manifold sub 7 of the invention taken along section line 1 1-1 1 iu FIGURE 
2. Also within this recess 12 are contained spacer rods 24 cotDtstraoted of 
impact/vibration dampening material capistble of withstanding downhole temperature 
and pressure and of being chemically inert with respect to the well content (for 
example, teflon^^etal, or similar). On either side of the spacer rods 24 are hydraulic 
fluid input control lines 25 which may be connected to other devices within manifold 
sub 7, such as optio-hydraiilic valves 26 as displayed in the particular embodiment^ or 
pass therethrough, to another manifold sub 7 in the next well zone. Fiber optic 
worldng control line 23 is connected to other optic components within manifold sub7 
and is distributed within and without manifold sub 7. In the particular embodiment 
represented, fiber optic working control line 23 is connected to a number of optic- 
hydraulic valves 26 and a fiber optic pressure sensor 27, but various other fiber optic 
components could be employed within the manifold sub 7. Fiber optic connector 
control line 28 is also visible in Ihe bottom half of FIGURES 2-4, and FIGURES 8-1 1 
Fiber optic connector control line 28 is also housed in a radially milled recess 29 in 
the manifold sub body 1 1. It should be appreciated that all the control lines illustrated 
in FIGURES 2-1 0 are protected by an upper gauge ring 30 and lov^er guage ring 31, 
which preferably are annular portions of the manifold sub and are the mg^yimxim outer 
diameter of the maxiifold sub 7. Upper and lower guage rings 30 and 3 1 are 
specifically configured, manufaotuied and treated utilizing close tolerance fits and 
geometry that yields low stress levels during impactfshock and axial and rotational 
loading while running the manifold sub 7 into or out of the well. Upper and lower 
guage ring 30 and 3 1 have beveled edges to ensure a smooth transition to the 
maximiun tool diameter and prevent shock loading on sharp comedrs. Upper and 
lower gnage ring 3 0 and 3 1 ensure that the manifold snb body 1 1 and component 
protectors 13-20 are not subjected to the mechanical forces encountered while 
traversing a well. A preferred meihod of connection of upper and lower guage rmg 30 
and 3 1 to manifold sub body 1 1 may be via a threaded connection 32 between guage 
ring 30 inner diameter and manifold sub body 1 1 outer diameter. An alternative 
method of conucction may also be to split the guage ring 3 1 and !n *^ t flll it in a turned 
recess 33 in the manifold sub body 1 1, retaining it in situation via a number of cap 
screws 34 threadedly connected to the manifold sub body 1 1 . Rotational resistance 



may be provided by set screws 35 threadedly connected to the guage ring 30 and 
looked against manifold sub body 1 1, as shown in FIGURE 12. or by a key 36 
instaUed between guage ring 31 and manifold sub body 11, as shown innoURE 19. 

In FIGURE 3 and FIGURE 14, a component protector 13 covers, protects and 
further insulates the fiber optic 3-way angled junction 37, which distributes various 
optic fibers safely and without imparting excessive bending stresses within the fiber to 
the various optic components housed within the manifold sub 7. Also shown in 
FIGURES 2-10 and FIGURES 14 and 15. componem protector 19 protects the fiber 
optic 3.way angled jimctiou 38 and a multitude of optical connectors 39 connected to 
it. It should be appreciated that all pressure resisting connections between 
compoueiits of the protection system are of a non-elastomeric nature or metal-to- 
metal sealing and the protection system has been designed such that all potential leak 
paths have been optimized. Methods of elimmating potential leak paths include 
welding of component sub-assemblies together. Component protector 19 includes 
profiles such that the optical connectors 39 are prevented from rotational movement 
during threaded connection make-i^ to the mating end of the optical connector 40. 
This feature assists in assembly procedures while rumiing the protection system into 
the well and attaching the necessary ancillary optic fiber control equipment. 

Referring now to FIGURES 2-7 and HGURE 15, pressure sensor 27 is 
illustrated between the radially miUediecess 12 in the manifold sub body 11 and the 
component protector 14. Fiber optic working control line 23 terminates at the 
pressure sensor 27. Hydraulic fluid input control lines 25 continue through the milled 
recess 12 in manifold sub body 11 and are restrained from vibration and protected 
from mechanical loading by component protector 15, shown in FIGURES 2-7 and 
MGURE 16. Dependant on required length of hydraulic fluid input control lines 25 
within manifold sub 7, and number of components to which they are attached, a 
multitude of such componcntprotectws 15m^beused. Prior to exiting the manifold 
sub body 11, below the lower guage ring 31. MiauKc fluid input lines 25 are, in this 
embodiment, weldedly connected to angled junction pieces 41, shown in FIGURES 5- 
7andFIOURE 17. Angled junction pieces 41 are installed in the miUed recess 12 in 
the manifold sub body 1 1 and covered by another component piotector 17, providing 
the same function as previously described component protectors 13-20. Angled 
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junction pieces 41 are iised to reduce the otherwise imacceptable bend radius of the 
control litis bx order that it can be safely installed withia the confines of the milled 
recess 12 within the manifold ?ub body U. The angled junction piece 41 routes 
hydraulic fluid, in this embodiment, to the input side of an optic-hydraulic valve 26, 
located between a recess 42 in the manifold sub body 1 1 and a component protector 
16. The recess 42 housing the optic-hydrauKc vglve 26 is coimected to the main 
recess 12 in the matufold sub body 11 via a radially milled connecting slot 43. 
Hydraulic flmd output lines 44 are connected to the output side of the optic-hydraulic 
valves 26 and exit the m anifold sub body H via a continuation of the milled recess 42 
in vrtiich the optic-hydraulic valve 26 is housed. Component protector 1 8 is installed 
over the recess 42 to prevent vibration of Ihe hydraulic fluid output control Ime 44 
and to protect it from mechanical loadixig, as shown in FIGURES 5-7 and FIGURE 
1 8. Dependant on the configuration of the manifold sub 7» a multitude of component 
protectors 1 8 may be required^ 

Refeiring now to the bottom half of FIGURES 2-4, FIGURES 8-10 and 
FIGURE 1 6, the optical connectors 39, mstaUed in the recesses in the manifold sub 
body 1 1 are connected to the mating ends of the optical connector 40. This sub- 
assembly is not part of the manifold sub 7 per se, but is ancillary control equipment 
installed during running of the manifold sub 7 hito the well, and is shown for 
illustrative purposes only. In order to connect the mating end of the optical connector 
40 to the optical connector 3 9, it is necessary to remove the component protector 20. 
The component protector 20 is secured by cap screws 21 which have been selected for 
ease of removal and installation in an offshore envhronment. The component 
protector 20 is a one-piece assembly, agam to assirt in disassembly/assembly 
procedures. The bottom half of the lower guage ring 3 1 is also removed from it's 
turned recess 33 in the manifold sub body 1 1 and the mating end of the optical 
connector 40 is installed within the milled recess 29 in the manifold sub body 1 1. 
Upon making up the threaded connection between the mating end of tiie optical 
connector 40 and the optical connector 39, the bottom half of the lower gauge ring 31 
and the component protector 20 are replaced, the cap screws 21 and 34 locked in 
position, via locldng washers, or thread adhesive, or similar. 



9 



Refening now to FIGURES 2-7, the hydraulic fluid input lixies 25 and 
hydrauKc fluid output lines 44 may termiiiate in special connection ports 45, welded 
onto the end of each of the lines. These connectioii ports 45 accept control lines 
connected to downhole tools, such as the Hydraulic Sliding Sleeve 9, as shown in 
FIGURE 1 , below the manifold sub 7, and provide a method of sealing the conduit 
against well conditions stich as temperature, pressure and well content Typically, 
such seals will be of a metal-to-metal nature. 

Within the context of the invention, tiie manifold sub 7 protects optic fiber 
component assemblies from the unfavorable conditions existing downhole. However* 
as the system is designed to protect hardwired optic components and fibers, there is 
also a need to provide a protected environment in which to house the required splices 
between individual optical fibers. Wliile splicing of separate optical fibers together is 
common practice in many industries, and provisions exist for housing said spEces, 
there are no existing enclosures which protect against the unfevorable conditions 
experienced downhole. Referring to FIGURE 1, the optic fiber splice box sub 6 of 
the invention houses these splices in a secure environment, providing protection from 
the conditions within the well* be they temperature, pressure, or mechanical loading, 
or a combination thereof. While the drawing is schematic, it is apt to illustrate the 
concept of the invention. The optic fiber splice box sub 6 is an important sub- 
assembly of the protection system disclosed in more detail hereunder. 

la order to provide one of skill in the art an understanding of the concept 
embodied by tiiis aspect of the invention* FIGURES 21-23 illustrate a particular 
embodiment of the optic fiber splice box sub 6. The ^lice box sub 6 is tubular and 
may be either concentric or eccentric with respect to the casing bore 4 within v^ch 
the splice box sub 6 is located. The jsplice box sub body 46 may be sruppUed with 
metal-tO'-metal sealing threaded comiecdons 47 at either end to allow connection to 
the tubing 1, or to other components of the system, as represented in FIGURE 5, or it 
may be supplied as an integral part of the manifold sub 7, being located above the 
upper gauge ring 30 of said manifold sub, as represented in FIGURE 1 . The splice 
box sub body 46 may be bored to accept certain components or may be milled radially 
to accept components which are then covered with an enclosure cover 48» Wdl fluids 
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axe pennitted to flow fbrou^ the internal bote of the splice box sub 6 and within the 
azmulus between liie casing bore 4 and outer surface of the splice box sub 6, 

The splice box sub body 46 and follower nut 49 ioclude beveled edges to 
provide a smooth transition to the maximum tool diameter and to avoid impact or 
shook loading on comers during traverse of the well. Splice box body 46 and 
follower nut 49 are specifically designed, manufactured (precision machining) and 
treated (hardened surface preparation) utilizing close tolerance fits and geometry that 
yields low stress levels during impact/shock and axial and rotational loading while 
running the splice box sub 6 into or out of the well. Splice box sub body 46 and 
follower nut 49 ensure that enclosure cover 48 is not subjected to the mechanical 
forces encountered while traversing a welL 

Fiber optic working control line 23 and fib€^ optic coweotor control line 28 
are connected to the splice box sub fiber optic enclosure 50 via ports 51 drilled into 
the fiber optic enclosure 50, through the q)Kce box sub body 46. These connections 
are scalable by a metal-to-metal sealing Jam Nut and Ferrule atxangement 52. The 
fiber optic conveying control line 53, housing the fibers to which tiie fibers within the 
fiber optic woddng control line 23 and fiber optic connector control line 28 must be 
spliced is connected to the fiber optic enclosure using the same general method 
Moreover, additional ports 51 may be provided for the purpose of pressure testing the 
fiber optic enclosure 50 upon completion of the splicing procedure, or fer the purpose 
of fiUmg the void withm the fib^ optic enclosure with a chemically inert material, 
unafifeoted by terup^ature axKl pressure efiTects (for example, epoxy resin or similar) 
for the purpose of providing fiwther resistance to vibrational efifects within the fiber 
optic enclosure 50, Upon completion of said procedures, said ports 51 will be metal- 
to-metal sealed iising Blanking Plugs, or aimilart 

Referring to FIGURE 23, the fibers within the various control lines are 
introduced into the fiber optic enclosure 50 and the appropriate ends spliced together, 
to form a ^hardwired' continuous optic circuit In order to achieve this, a considerable 
length of fiber is reqi^ired, which must then be housed in a suitable protective 
enclosure 50, resistant to the deleterious effects of the inhospitable downhole 
environment (pressure, weU content, etc.). Additionally, the mternals of the enclosure 
50 must ensure that the optic fiber 55 is not excessively bent during insertion into the 
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enclosure, and that the bend radius of tiie fiber is ^pt to a masdmum to ensure optic 
lossesarekqpttoamiiiimiiia. This is especiidly critical at elevated teinpeiatires. In 
order to achieve this desdred aim of the mvention, Itie optic fiber enclosing 50 is fitted 
with a s^ies of cylindrical guides 54 around which the fibers 55 are wrapped. These 
fiber guides 54 provide general positioning of the fiber 55 within the confines of the 
fiber optic enclosure 50 and are tightly toleranced with respect to the walls of fixe 
enclosure 50, to eosiure that vibradon effects will not cause excessive movement and 
cause damage to the fiber 55. The fiber guides 54 are nxanufactured from a 
vibration/shock loading dampening material (for example, teflon, metal» or sinular). 
In addition to the fiber guides 54, a number of fiber wrap subs 56 are provided. The 
fiber wrap subs 56 are profiled to mate with the imier surface of the fiber optic 
enclosure 50 to ensure against rotational movement Additionally, Hxey are secured to 
a boss 58 in the enclosure 50 inner surface via a tightly toleranced dowel pin 57, The 
fiber wrap subs 56 have a shallow groove machmed around the outer diameter to 
assist in wrapptug of the fiber 55 around them. Upon completion of the wrapping 
process, the fiber wrap sub cap 59 is installed and locked to the fiber wrap sub 56 via 
a key 60, preventing movement of the cap 59 and thereby preventing any damage to 
the fibers. Fiber wrap sub 56 and cap 59 arc manufactured from a vibration/shock 
load dampening material (for example, teflon, metal, or similar). 

In order to seal the optic fiber enclosure 50 firom the downhole environment, 
the enclosure cover 48 is then slid into place to seal on the non-elastomeric or metal- 
to-metal seals 61, housed within grooves in the splice box sub body 46. The follower 
nut 49 is then threadedly connected to the splice box sub body 49 until it secures the 
enclosure cover 48 tightly in place. The follower nut is then locked in place via a lock 
nxit or set screws, or thread locking adhesive, or similar. 

At this Stage, thp seals 61 between the splice box sub body 46 and enclosure 
cover 48 can be fully pressure tested to verify leak tightness. Confirmation of 
pressure integrity can be obtained via Ae additional ports 52 in the splice box sub 
body 46. The aealed optic fiber enclosure 50 can then be pumped full of void filling, 
vibration/shock load dandpening material and the additional ports 52 sealed. The 
hydraulic fluid input control lines 25 ate then placed over the bottom half of the splice 
box sub 46 and a protective cover 62 placed over the control lines. This protective 
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cover 62 includes beveled edges to provide a smooth transition to the maximiOT tool 
diameter and to avdd impact or shock loading on comers dming traverse of the well. 
The protective cover 62 is specifically designed, manxifactmred utilizing close 
tolerance fits and geometry that yields low stress levels duriug impact/shock and axial 
and rotational loading while nmning die splice box sub 6 into or out of the well. The 
cover is further preferably hardened to improved wear resistance. The cover is fijrther 
preferably hardened to improve wear resistance. 

The protective cover 62 ensmes that the hydraulic fluid input control lines 25 
are not damaged while traversing the well as they pass over the optic fiber enclosure 
cover 48- The protective cover may be secured in place via cap screws fhreadedly 
connected to Ihe splice box sub body 46> or may be installed in a turned or milled 
groove in the splice box sub body 46, providing resistance to axial movement. A key 
installed between the protective cover 62 and splice box sub body 46 provides 
resistance to rotational movement Alt^natively, the protective cover 62 may be 
designed to fit closely between the mating threads of the threaded connections 47 on 
each end of the splice box sub body 46. 

While preferred embodiments of the invention have been shown and 
described, various modifications and substitutions may be made thereto without 
departing firom &e spirit and scope of the invention. Acconjinglyj it is to be 
understood that the present invention has been described by way of Ulusttation and 
not limitation. 
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CLAIMS 

CLAIM 1. A doiTvnhole fiber optic protection system comprising: 
at least one protector sub m omted in a downhole string; 
at least one splice box and at least one service loop opexatively connected with 

said protector sub. 

CLAIM 2. A downhole fiber optic protection system as claimed in Claim 1 
wlxerein said protector sub includes a plurality of recesses to accept conductors and 
receive covers liiereover to protect said conductors. 

CLAIM 3 . A downhole fiber optic protection system as claimed in Claim 2 
wherein said conductois are fiber optic conductors. 

CLAIM 4, A downhole protector sub comprising: 

a manifold sub connectable axially in a tubing string; 
a plurality of recesses formed in an outside diameter of said manifold sub; 
at least one fiber optic component mounted in an environmental condition 
5 insulator in at least one of said plurality of recesses. 

CLAIM 5. A downhole protector sub as claimed in claim 4 wherein said manifold 
sub includes an axial flow passage which is with said outside diameter of said 
manifold sub. 

CLAIM 6. A downhole protector sub as claimed in claim 4 wherein said manifold 
sub is an annulus. 

CLAIM 7, A downhole protector sub as claimed in claim 4 wherein said manifold 
sub includes beveled edges. 

CLAIM 8 . A downhole protector sub as claimed in claim 4 wherein said insulator 
is a cover on at least one of said plurality of recesses in said manifold sub. 
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CLAIM 9. A method for making a dowoliole fiber optic sj^em comprising; 

protecting fiber optic componexit^ firom a dowohole enmoamxeut by mountiag 
said components in an environmental condition insulator; and 

mountmg said insulator having said components mounted thereto in a 
5 protector sub. 

CLAIM 10. A method as claimed in clahn 9 wherein said method includes running 
said housing With fiber optic compon^ts mounted therein into a borehole. 

CLAIM 11. A do^wnhole oil well protector sub for optic fiber jimctions and 
components comprising: 

a housing having an outer surface and an inner surface, said inner stir&ce 
defining a flow passage; 
S at least one radial recess formed in said outer stxrface, said recess adapted to 

receive an optic fiber component; and 

at least one protected space adapted to receive an optic fiber component 

CLAIM 12. A dowohole oil well protector sub for optic fiber Junctions and 
components as claimed in claim 1 1 wherein said protected space is enclosed in said 
housic^. 

CLAIM 13, A downhole oil well protector sub for optic fiber junctions and 
components as claimed in claim 1 1 wherein said protected space is a radial recess 
fbxmed in said outer siuface and includes a cover to cover said recess. 

CLAIM 14. A downhole oil well protector sub for optic fiber jxmctions and 
components as claimed in claim 1 1 wherein said protected space is further adapted to 
receive a vibration and shock absorber. 
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CLAIM 15. A dowrjhole oil well protector sub for optic fiber junctions and 
components as claimed in claim 14 therein said absorber is teflon. 

CLAIM 16. A downhole oil well protector sub for optic fiber junctions and 
components as claimed in claim 1 1 wherein said componatit is an optic fiber 
connector. 

CLAIM 17. A downhole oil well protector sub fox optic fiber junctions and 
components as claimed in claim 1 1 wherein said component is an optic hydraulic 
valve. 

CLAIM 18. A downhole oil weU protector sub for optic fiber junctions and 
components as claimed in claim 1 1 wherein said component is a scnaor. 

CLAIM 19. A downhole oil well protector sub for optic fiber junctions and 
components as claimed in claim 1 1 wherein said component is a splice. 

CLAIM 20. A protector sub corpiprising: 

a mandrel having an toner surface and an outer surface and being generally 
cylindrical; 

an axial through passage in said mandrel defined by said inner surface; 
5 a plurality of recesses extending radially inwardly firom said outer surface of 

said mandrel; and 

a plurality of covers matable respectively with said plurality of recesses. 

CLAIM 21. A protector sub as claimed in Claim 20 wherein said plurality of 
recesses receive and protect conductors. 

CLAIM 22. A protector sub as claimed ia Claim 21 wherein at least one of said 
plurality of ieccsses further includes an impact absorber. 
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CLAIM 23. A protector sub as claimed in Claim 22 wherein said absorber is teflon, 
CLAIM 24. A protector sub as claimed in Claim 22 wherein said absorber is metal. 

CLAIM 25. A splice box comprising: 
an enclosure; 

a plurality of cylindrical guides mounted within said enclosure; and 
an enclosure cover scalable to said enclosure. 

CLAIM 26, A splice box as claimed in Claim 25 wherein said cylindrical guides 
include a groove machined therein around the outCT diameter thereof. 

CLAIM 27. A splice box as claimed in Claim 25 wherein said guides include caps 
engageable with said guides to retain fiberoptio conductors twisted thereatound. 
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